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i. Introduction, 2. Relative Velocity of Rain and-a@ Man, 
3. Relative Velocity of Two Bodies Moving along inclined Direc- 
tions, 4. Least Distance between the Two Bodies Moving 
along Inclined Directions. 5. Time for Exchange of Signals of the 
Two Bodies Moving along inclined Directions. 
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Asa matter of fact every motion is relative ; since absolute 
motion is impossible to conccive. Generally, our motion is always 
with reference to earth, which is supposed to be fixed or 2t rest. But 


—— ae 


———-— Our earths algo —is—not—at-rest—ancd-hag-son Préelative velocity with ~~ 


respect to sum, Moon εἴς, ; which in turn, have some relative velocity 
with respegt to the stars of the universes «When we say thata train 
is moving at 40 kilometres per hour, we mean that the speed ‘of the 
train, whi¢ ‘appears to an observer on thé earth, is 40 kilometres per 
hour. “Thus the relative velocity of ,»ἢ ‘with respect to 8, is the 
\W, _ velocity with which A appezrs to move fo an observer on 2 neglect- 
oe Ag, ing the motioniof B relative to the earth” - 


16-2. Relative Velocity of Rain and a Man 


We see in our daily walk of life, that whenever we go out in 
rain, we have to adjust the inclination of our umbrella (with the 
vertical) to protect ourselves from the rain. If the rain is falling in 
the opposite direction of our movement, then the inclination of 
brelizissless when we are standing, than that when we are 
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moving. This happens because the relative velocity of rain (with 
greater angle, 


ΕΝ 


respect to Our inovement) now is inclined at ἃ 


\ ἢ, 


Actual . Reversed 


direction direction 
\ of man of man 
Fig. 16°1. 


the movement of a man towards East, and let the 
lly Sg as shown in Fig, 161 (a), In order to find 
out the relative velo ity of the man and the saith, lét us impose 
to that of the man ( | | eins on 


Fit states - 7 the twa harves. acting simulroneoierty on a particle he 
represented in maguitude aad direction by the two sides “a a triangle taken in 
order; their resiltant may be represented in magniti ve ἀπῇ direction by the 
ΠΝ of the tridugle taken in opposite order." 


ee 
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We j ) 
and ( 6 km 
CA ὰ 
( ag = 5 45° = }) 
es AO =CA 
or 6 = 45° Ans. 


Velocity of the wind 
Now CO represents the actual velocity of the wind. 


CA το mn 
In A, OAC Ge = sin 45 
or CO = eA ee km, p.h. 


sin 45° «(0707 
= 849 km. ἢ. ἢ. Ans. 


dx Example 162. When a cyclist is riding West at 20 km per 
hour, he finds the rain meeting him at an angle 45° with the vertical, 
When he rides at 12 kim per hour ke mcets the rain at an angle 30° with 
the vertical. What is the actual velocity (magnitude and direction) of 
the rain? Al 3 (Oxford University) 


Solution. 
' Ist case Lage. sist 
Given. Velocity of cyclist : 
| eas 26 ere: p. h. (Ὁ) Joa 
“Apparent direction of rain οἰκο Ripa 


oi» 


. = 45° with the vertical ee meet y : 
NA 


Ν - ’ 

Actual’ “ἢ * - ΝΠ ὧν 
direction nection irection 
ae ΤῊΣ 

Εἰς, 163, 


In this case, let oc represent the velocity of the cyclist in the 


reversed direction, when he is riding at 20 km per hour, AO the | 


\ actual direction of the rain inclined at an angle « with the vertical 
: and AC, the apparent direction ofthe rain at an angle 45° with 
the vertical as shown in Fig. 16:3. : 


Draw AB perpendicular to OC. 
Eet . - OB=x and AB= 


| 
| 


Relative Velocity 


From the geometry of the figure, we find that 


iz 
{ 
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Actual velocity of the tain, | 
AO = f O83? (AB? 
= 7 10 F189 km. per hour 
= 18-97 km, per hour Ans. 
| 16:3. Reélative Velocity of Two Bodies Moving along inclined 
Directions 


When two bodies are moving ὼς inclined directions, the. 
| relative velocity of one body, with respeet to the other, may be found 
out by the following two methods : 
1. Analytical method for relative velocit y of two bodies moving 
*¥ — along inclined directions. Ἢ ; 


ewe eve dead 
Goh were 
56} 

endo 
We bothoge 
| the only bol uke 
teak will « 
affected 4S 
VQ ond 
wre t feet 


Reversed direction 


Actual direction 
ag md Va a4 (a) (δ) 
ϑ . 
Ὶ tow νέ ον ι Εἰς. 165 


"Δ ᾿ Consider two trains A and B. The-train A moving along OQ — 
pend ten and the trait B along OP as shown in Fig. 16°5 (a). Now 


ocity OP’ equal and opposite to OP on both 
Pig. 16:5 (δ). 


“ We ‘see that after superimposing the velocity the train B tals 
be: brought ig ae ‘the train A has the following two 


se; suaperimposed- velovitye- ---- 


he train A will move with a velocity ΤῊ to the a: 
of OO and OP’. The resultant velocity equal to,.OR, may 
be obtained by the law of parallelogram of forces. 


2. % δ τος μή ἡ for relative velocity of two ἕω moving along in= 
li 


irections. 
Ως Since. the Se is a vector quantity, think, the relative 
bm, elocity will be y the vector difference of the velocities. 
A with respect to B 


= OA—OB = ΒΑ. 


If the same velocity is superimposed on the two moving bodies, their 
relative velocity remains unchanged. 
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Example 163. A train, in at 30 kilometres per hour, is 
moving to the train, witha velocity of 
and d | which 
7. 
1975) 


‘Given ie ce ae ex: ν 4 ᾿ ato” ys) 
Velocity of stone == 225 km. ΡΒ. es 


- 
ean: a i 


a GS ERAT Ct 


- 


i m © DEF, LCE repre 
“man ii “to the train in 


Se yee ---τς ine 
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From the geometry of the figure, we find that 
CE =V DEX—CD? = V/3*—4 m/sec 
= 3 m/sec Ans. 


Motion | 
of tear ieee 


Actual direction © Reversed 


if 
RUS rare = | of tram | direction 


Wee ee of train 
| > Fig. 161. 
Let % 6 = Angle with the motion of the train at 
_ which the man must run, 
then tan = > = 6:75. 


= 36° 52’ Ans. 


πο , Example 16-5. ifa, ‘ip is moving North-West at 15 knots and 
a second ship is moving due East at 7 knots, determine the direction and 
"fe de of the relative to the first. hae ὦ χὰ 
v2, (Cambridge University) 
WAS dm Poh Wore Co 
᾿ 2 ; he N “A cok Aches rela 8 ue 
ij a δ τ \ 
was 2S = ΒΕ JS | aa 
a ἄξω Yea. 


Cot) te Whobong lk AS 
Coarse WA Vad | 
oar © WS τειαῖος 

ony! ὁ Fens Yay 
Rik Fig. 16°8. 

Given. Velocity of first ship 
ἊΣ = 15 knots* (N-W) 
Velocity of second ship ; 
= 7 knots* (E) 


Reversed 
ditection 


; οὐ! knot = 1 nautical mile per hour, This unit is generally adopted by 
ships, 1 nautical mile = 6080 ft = 1853 m. 


1 TE Te: on ine 
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ἱ 
Let OB represent motion of the first ship in the reversed dircc- 
tion and OA the actual motion of the second ship as shown in Fig. 


16°8. 
Magnitude of the second ship relative to first 
Complete the parallelc scam OARB as shown in Fi; 8. The 
direction and magnitude of the second ship, relative to t, will 
— by the diagonal OR. From the geometry of the figure, we 
nd that 
foe vs OR = ν΄ ΑΒ: +204 x OB cos AOB 
= J/P+15!#+2x7xX15 cos 45° knots 
= (F215 4210x0707 = 206 knots 
re 
Direction «᾿ the second ship, relative to the first . | 
Let χ ~~ « = Angle, which OR makes with the south. 
- 74-15 cos 45° 
- fan α = τς της 45° 
| _ 21415x0-707 «ἥδ 
Ζ 15χ0: 


ie a8 ke ine. Τῇ 
mle 166. 1 1ips leave a port at the same time. The 
| per hour and the second = 


to the ress 


ἐπ οὐ University, 1974). 


Given: Velocity of frst ship 
==) 32 km. p. ἃ. (N-W) 
Velocity of second ship 


= 24 km. p.h. (40° (South of West) 
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Let OA represent the velocity of the first. ship in the reversed 
direction and OB the velocity of the second ship. as shown in Fig, 
16-9. . 


Speed of the second ship relative to first 

C@mplete the parallelogram OACB, in which OC represents 
telative Yelocity of the second ship with respect to the first. 

From the geometry of the figure, we find that 


Z BOS = 90°—40? = 50° 
and | | LAOS = 45° 
HN 4408 = 2405... 2 BOS = 45°4-50° = 95° 
We know that | 
| Ὃς = AO*+0B*+2.04.0B cos AOB 
\ = ψ,32:: 24 +2 x 32x24 cos 955 km. ph, 
= 383 km. p.h. Ans, 
Τ' ime, wh nthe two ships will be 160 km apart 


i We know that the time, when the two ships will be 160 km 
apart after will be given by: 
Total Distance 


= : ¥ 
Relative velocity 


= τὰς -- 418 hours Ans. 
Example 16-7. A submiarine, travelling on a course of bearing 
80 degrees East of North with @ speed of 21 knots, reports the presence 


3 of an enemy ship travelling on a course of hearing 225 degrees East of 
North with a speed of 15 knots with respect to the submarine. Assum- 
ο΄ ing that the submarine and the enemy ship are at the same piace at the 


ΘΙ 


(6) Find the true direction and speed of the enemy ship. 
p stationed 150 nautical miles South of the 
ne immediately starts at 18 knots to intercept 


- τς Actuat 
Η ἜΣ. αἰζεςσιοη. 


o-= 


9 
+e Fig, 16°10, 


Given. Velocity of submarine 


= 21 knots (N 80° E) 
Velocity of enemy ship 


= 15 knots (N 225° Ε) 


what-bearing should ittake? Find the time it 


i 


e 


° 4 


. 


a eee 


“ΕΙΣ 1611" 
1. Again draw two lines representing East, West, North 
and South lines, 
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Δ. Through O, draw a line OK at 125° with the North, 
which represents the actual direction of the.enemy ship. 
Now cut off OL equalito 12-2’ knots to some_scale. 

3. Now cut off LM equal to 13 knots, to the scale (equal 
to the ‘relative velocity ofthe submarine with respect 

_ to the warship). Join LM. a 

4. NoweutoffOQ@ equal to 150 nautical miles on the line 
représenting the south direction. Through Q, draw OP 
parallel to the line AfL, meeting the line OK at P 
as shown in Fig. 16-11. ᾿ ! 

5. By measurement, we find that the bearing of the 
submarine, /OQP = 35° with the North Ans. 

6. Moreover by measurement we also find that OP = 150 
nautical miles. Therefore time taken by the warship to 


} intercept the enemy ship 
rT -- AO = 694 his. Ams 
P 
Dae 


Example 16:8. A rifleman on a train, moving with a speed of 
52 km per hour, fires ait object running away from the train at right 
angle with a speed of 39 kilometres per hour. The line connecting the 
man and the object makes an angle of 30° to the train at the instant 

᾿ of shooting. At what angle to the train should he aim in order to hit the 
object, if the muzzle velacity is 200 meters’ per second ? ae ck 
ἯΙ (Mysore University 1975) 
4 Solution. ΕΝ 


Given. Speed of train = 52 km. p.h. , 
Speed of object = 39 km, p.h. ; . 
Angle, which.the line connecting the man and object Ὁ bi 
_ = 30° to the train : 
af te Muzzle velocity. -- 200 m/see-—_-- - aaa " ΣΝ 
~~ =---Let-OA—represent the-ntotion of’ (lie rifleman and” OB the 
¢ motion of the ‘Object in the ; re 


reversed direction as shown 
in Fig. 1612, ᾿ 


mplete the parallelo- - 
Relative velocity of 


object*is οἱ m by the diago- 
OC = γ 521: 303 km p.h. 
= 65km. p.h. 
= 18:06 m/sec 
and tan / @= 39 = 9-75 
52 
a. LAOC = 36° 52’ 


Relative Velocity Ὁ 


aig. 


at J 
“ee 4 ΎΕΝ fut 4 = Ὕ ΤΥ 


betes) sania ets a ᾿ς sr: 


va. Let the direction of: 
Fig. 1614 (@).* 


Consider two bodies A nad B moy 


(Lb Peta rt 


ing with velocities va and 
va be West and vg be South as shown in 


* 


Es Yet! MS ERR Srv Oe 
Nebewemnd οὐκ sible tema τς BEET AS yyy κοι δ Sry 
tA ἃ OX Somatinagd Cache - 3 a 
Hodyin ca poyts Culler A Text Book of Applied Mechanic. 
Botton The wetween hha ih YL AAT ν Ύγη 
Now, in order to find out the least distanc® between these two 
bodies,°we have to find out the relative velocity of.one body with res. 
pect to the other. °Let us superimpose a velocity equal to vp (but in 
oppasite direction) both on Avand 3. By superimposing this velocity, 
the body δ will come to restS“whereas the δοῦν A will have two 
velocities, whose resultant will represent the relative: velocity as 
shown in Fig. 16-14 (δ) Ὁ Now the motion of the two bodies may be 
taken as (1) Bat rest and ( A moving with some relative velocity 


ar along AC Van a CQ 


Θ “Now let PQ be the distance between the two bodies A and B 
at the time of their start’ °Draw QO perpendicular from Q to PC. A 
little consideration will show, that two bodies will be least distance 
apart, when A will reach at O (because the perpendicular between 
two points is the shortest distance between them), the length QO 
measured to the scale) will give the least distance between the two 
‘Dodies. 
4 Po ὦ ᾿ ; ᾿ ‘ 
aDeoe™ The time, that has elapsed before the two bodies are least 
_-cisianee apart, may be easily fotind out by dividing the distance PO 
Ὁ the relative velocity of the two bodies. 
Example 169, A ship sailing East with a velocity of 15 kilo- 
, metros per hour, passes ἃ certain point cit noon ; and a second ship, 
Sailing North with the same velocity passes the same point at 1-30 P.M. 
At what time are they closest together and what is the distance between 
them ? cit rr Beg wra ty (Oxford University) 
} oa Solution. Velocity of first ship = 15 kin, p.h. (B) 
ΓΝ Velocity of second ship = 15 km. p.h. (N) 
Let OA represent the 
motion of the ship ‘A in the 


reversed ditection’and OB the 
_ THotion tot” ti τρῶν id ship 
“aotual- an ctlor is 59 0 
ind 165, Ἑ΄ - 
λον -5 the _paral- 
lelogram OACB as shown in 
Fig, 16°15) w 


Relative velocity of 
(QPS will be given by t | 
We know that 

OC = χοᾶς ας: 


= ψ 15.153 = 21-213 km. p.h. 
tet @ = Angle, which OC makes with the North. 


Now tan 0 = —— — | πος (ἥν GO 


Lint 
“ar 


Relative Velocity ° 147 


The closest distance between the two ships 


When the ship A is‘at O, the ship B will be 1-5x15 = 22-5 km 
pehind the point O i.e, at point M’as shown in Fig. 16:16, 


Now consider the ship A 
to be stationary at O, and the ship 
"B moving along MP with velo- 
city of 15,/2 kilometres per 
hour. 


From the geometry of the 
figure, we find that the ships will be 
closest together when the ship B 
will reach at L, such that OL is 
perpendicular to MP. 


ΕΣ 


δὰ = = sin 45° 

OL = MO sin 45° | 
or OL = 225% 0-707 = 1591 km Ams. 
᾿ Time when the two ships will be closest ; 


. eh ill & 506 together 
᾿ i ; a ἢ oa Σ ᾿ ἐς ἢ “Se “i 


Fig. 16°16 


1. First of all, draw two lines meeting at right angles to each 
other at O, representing East, West, North and South 
lines, 
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2. Through O, draw a line OP at an angle of 30° West or 
‘ North to represent the actual Geaniior of motion of 
ship A. 
P N 8 
\ 


Actual | \ 
direction 


Reversed 
direction 
Of ship A 


3 Α 
Εἰς. 1" 17 


3, oh ge the line PO, and cut off OA equal to 14 km to 
ὶ ' which represents the motion of the ship A in 


oh Ὁ, draw O8 at an angle of 45° with the north and 

IB ε to 10 km to the scale to represent the 
‘i OA and Ὁ ΟΝ αἱ εἰᾶρε conmlee the Ῥαγδ οορστασα. 
ane ᾿ aes on Fig. 16°17. 


Fpisiven by the ΘΠΚΩΒΗΙ OC to mesa 


Fig. 16°18 


‘1. Again draw tvo lines representing East, West, North and 
South lines. 

2. Draw through ©, a line OL paw to OC of 
me Fig. 16°17 (ἰ.6., “ZNOC of Fig. 1617 = /NOL~ of 
ee Fig. 16°18), which represents the direction of the relative 
-velocity of ship A with respect to ship B, 


ment, we find that the velocity PASE; - 


hae 


ἢ 
tive: Velen ty 


| to και icale, repre nting the 

original distance between two ships. Through A, draw AAs 
perpendicular, to OL. 

4. By measurement, we find that the least distance betwee: 

Ἵ two ships (given by the side AM to the seale) 


3, Cut off OA equal 


= 3°7 km Ans. 
Time when the ships are least distance apart 


“By measurement, we also find that the distance OA = 94 km 
to scale. We know that time taken by the ship B to reach at Af 


from O ε ais η 
\ Distance 9-4 } 
ΕΥ̓ “ἔπ velocity 15 ~ Ores? he 


| \ = 37-6min Ans. 
165. Time for Exchange of Signals, of the Two Bodics, Moving 
along inclined Directions 

We have discussed in Art. 16-4 that whenever two bodies are 
moving in different directions then they are least distance apart at a 
certain instant, Before and after this instant, the two bodies are not 
at the least distance apart. It is thus obvious, that the bodies start 
coming nearer to each other, and after conving at the least distance 
apart, they start going away from each other, 

Sometimés, these bodies start exchanging signals, whenever 
they come within the vision of each other ; and go on signalling so 
long as they remain within their vision. The moment rag τὰ be- 
yond τήν ρου the bodies stop exchanging of signals. us the 
ime for exchange of signals of the two moving bodies, is the time 
or which they remain within their vision. = 


Aactual Reversed pate 
direction direction 
of. B Ἢ : ς 

"-- -τ-αὸ-- - 


Fig. 16°19 ΕΣ 

Consider two moving bodies A and B. Ler us first find out the 

relative velocity of two bodies (asin Art. 16°4) which will be given by 

AC. From 8, cut off BP, and BP, (equal to length of vision 

from AC). A little consideration will show, that when the body"4 

Au will reach P; “(actually this is'the assumption that the body B is at 
| <2, rest and the body A is moving along AC” This happens after super- 
; imposing a velocity equal to that of B, but in opposite direction) the 
two bodies reach within the length of vision. The two bodies go on 

coming nearer to cach other and after.coming nearest to each other 

(when the body A is at O) start going away from each other. Again, 


(rts =I 


if 


ape 
ΜΝ 


ἕ “ 
~ re 
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when the body A reaches at P, the two bodies are within the len 


of vision 


; and beyond which go out of their vision Shown jn 


Fig. 16°19. 


Thus the time of exchange of signals can be found out by cal. 
culating the time required by the body A to travel from P, to P,. 
This can be easily found out by the following relation: 


Distance AP, Distance AP, 


Relative velocity Relative velocity 


Note. Such problems should, preferably, be attempted graphically. 


Example 16°11. 


Two ships A and B are moving 20 km. p.h. in 


South West and 12 km. p.h, West respectively. At midnight, the ship A 
is 40 km North of B. If they can exchange signals when they are 10 km 


. apart, find when they will begin to signal, and how far they will 
(London University) 


continue ? 


Solution. 
Given, Velocity of ship.A = 20 km. p:h. (5. . 
Velocity of ship B = 12 km, p.h. (W) 
Distance of ships A and B= 40 km 


We shall solve this example dia 
ed prema method as discussed 


ie 


_ North and South uth lines. 


ya 


ὦ 


Ὁ 


--- 


! Ate νέα τῶν εἰ en 


-- Some: 


“as 


Actual 
First of all, draw two shea tion 
ῃ mee oe : at 0, Te- 


Through O, cut off ; D 
equal to 12 km to 


Through O draw OF 
at an angle of 45° 
South of West and cut 
off OB equal to 20 km 


to the scale to repre- 
sent the actual velocity ae 
of the ship A. y 0 


Now with OD and OF 


- direction 
of ἜΣ . 


re 


Reversed - 


™ weed δὲ 


E | sides, Fig. 1620: Ὁ THN 
‘complete the parallelogram ODEF as shown in Fig, 16:20. 


The diagonal O£ will give the direction of relative velocity 
-by measurement, we find that OF -- 14-3 km to the scale, 


Produce this line. 


Re lative Velocity ; ἘΣΣῚ κ-- 


"wa ἘΠῚ 


6. Now cut off OB (on the South line) equal τὸ a9 km to 
some scale to represent the position of the ship 3 wy; h is 
40 km South of ship A. 


7. With & as centre and radius equal to 10 km (v 


dis- 
relative veloci 


at 


start signalling, when the 
continue so pe Pore clay Sie tng “a 
8. measurement, we find that OP, = 31 Και' 
ον. ποτ. ἀρᾶς, "Ἢ — 
Thus the two ships can start signalling from 3", = 2-168 hour 
‘to te = 3-427 hours after mid-night. Ans, 
The two ships can continue signalling for a period 
= 3-427—2:168 = 1-262 = 1 hr 15 min 43 sec Ans. 


“Nahe 4a, ψ ΚΥ.: ve" 


Peat 


versity) . 
30 sec] 


Welodiiy of ship B with respect to A, 
At mid-night the ships 4 and Bare 6 km apart‘and the bearing of 5 
from 4 is 30° North of East. if the ships steam uniformly on their courses, 
find the shortest distance between them and when it will occur ? 
(Ranchi University) 
λᾶς, 18-Skm. p.h. ; South-west ; 1:6 km. ; O he 186 min} { 
9. A ship travelling t ds North at the rate of 12 km: p.h. observes i 
another shipdue East of itselfand ata distance of 10:km. which is travell. Ἷ 
ing towards West at the rateofI6km. p.h. After what time, they will bs Ν᾿ 
least distance apart and what will be the least distance? (Bombay University) + \ 
) [ 24 τίη ; 6 Καὶ} | \ 
10. Aship A is fing North at 10 p.h. and a ship B is steering \ 
West at the rate of 12 km. pih., the distance AM being 2 kilometres and the . 
bearing of the line AB 45°. Calculate their relative velocity, and \ 
find how long it will be, they are closest together ? 
v ; (Bangalore University) 
fAns. 15°6km. p.b.;7 min 40sec] ‘ 
ma 8 arc, ata given instant,S kilometres away 
A being SE. of 8. Bis travelling 10 kilometres per hour 
due East and Ais travellimgati6 km perhourdue North. Determine: 


snc 5 between the twe ships, and 

we ncares (Oxford University) 
18°87 Καὶ, poe ; 1°125 km ; 15:5 min] 
ps A and B are 80 kilometres apart, A being 


} ship is ; i ing wy velo city of 22 km, p.h. 0 . 
the ship B sailin km. p.h. towards East. | 
als, τω 


signal ong they ca signal ! 
dens 4 er ee ey ἢ ᾿ 4 Ὰ ᾿ κι ᾿’ 
ΕΣ ΝΎ [Δαν Shr 45 min 32 sec 6 


rt 


(Ὁ analytical method, or +" 
(ii) vector (ée., graphical) method... 


the followit two velocities MRD: 
(i) itsown velocity,and Ἢ πὔ 
{ii) su; 3 mn) : , : de “ . pes ὅ" 
The resultant velocity, of the above two velocities, gives the 
required relative velocity of one body with respect to the other. 
4, In vector or graphical method, the relative velocity is 


s 


found out by the vector difference of the two velocities. 


<5. 
‘agi 
ΕΠ 
= 


a =e UP ere ; » Zz 


Relative Velocity 


5. The two bodies, moving on 


1 


μὰ aoe 


ay ctl πράσα, - 


Aid, ἐν 


J) plod a A ofr Ὁ {μι 
(onc) με ο teoul | ake ἜΣ 
ς ον Ne =a She SERED 

φεριϑε 


aes pet phd θμες οἵ 
ἘΠῚ ΩΣ καῇ, et par εῖξε jem (1! 
= GIB Reg ns ee A 
pst feos ὰν πῶς οὐδ, reas εὐἰεὶς ΤῸ Lt (5.5 Cs] 
- ACIS Vy αν rs. 1: οἷς 1519. lite - a 
Seg δον 
δ του ly 


ob 


polka aie Paras ok (Ὁ) 
5 οαρὶ» ,3.5.5 a Sa ssa seme αὶ ὅσ (0) 
Sac 1059 eo. Veer Er det ws an Vols ids 
- BZsr- kes! ot ΣΕ ¥= [25 ἃ PUiSts Y Σ 58 4 a τ ἐν ΙΝ ' 

δι. τ estas gh ‘a Ὦτον ee poe | rey note | 


pes) Cle Wy pels fs ee NOLS isl (δ): 
Bap Seal gobi Ait δὰ Sena Basie mile ες: 5.4 (337 
eae: 


SS ot SOWIE DEN BA ep 2 2) “Ses 
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